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This invention relates to a new group of esteri?ed 
pregnenes and to processes for their manufacture. More 
particularly, this invention relates to polyesters of 9a 
halogeno-4-pregnene-17a,21~diol-3,l1,20-trione and 9a 
halogeno-4-pregnene-1 1?,17a,21-tri01—3,20 - dione which 
are potent, long~acting, anti-inflammatory agents and, con 
comitantly, exhibit little or no sodium retention. 
The new and valuable esters may be represented by the 

following general formula: 

CHzOR 

wherein X is a halogen having an atomic number less than 
53; Y is a member of the group consisting of - 

[H ,H 

and R represents lower alkanoyl. 
ICortisone and hydrocol'tisone and their 21-esters are 

known, highly active gluco-corticoids effective in the treat 
ment of arthritis. It is known that the 9a-halo-, partic 
ularly the 9lX-?ll0I'O-, derivatives of the above mentioned 
hormones are also potent gluco-corticoids. The 9a-?uoro 
analogues of cortisone and hydrocortisone are even more 
active as mineralo-corticoids, however, and thus cannot 
preferentially be used internally for anti-in?ammatory 
therapy due to the resulting salt retention. Further, it is 
known that with compounds such as cortisone or hydro 
cortisone, acetylation of hydroxyl groups decreases the 
activities of the parent substance to a great extent, 
resulting in :an inactive or therapeutically useless sub 
stance. Surprisingly, the compounds of this invention 
show a substantial reduction of sodium retention with ‘a 
simultaneous enhancement of anti-inflammatory activity 
over that of theirnon-esten'?ed, non-halogenated ester 
analogues. The halogenated esters of our invention have 
the advantage of having a superior duration of activity 
than their above-mentioned analogues. A further unusual 
feature in the case of the 9a-halogeno-mono-ene-triesters 
is that some of the manifold pharmacological activities of 
gluco-corticoids are also altered; e.g. eosinopenia. and 
thymus involution have been severely decreased, leaving 
only a high level of anti-in?ammatory action. " ‘ 
The compounds of our invention may be prepared by 

esteri?cation methods such as with an acylating agent in 
the presence of an acid catalyst. [In order to prepare the 
compounds containing an ll?-ester group, modi?cation of 
the usual esteri?cation methods must be employed. The 
polyhydroxy steroid is treated with an acylating agent such 
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as acetic anhydride, isopropenyl acetate, propionic anhy 
dride and the like, with a strong acid catalyst'such as p 
toluene sulfonic or trichloroacetic acid. These esteri?ca— 
tions are carried out under otherwise mild conditions of 
temperature to avoid rearrangements and side reactions. 
The starting compound is preferably the corresponding 
unesteri?ed or partially esteri?ed 9ot-halogenated-polyhy 
droxy steroid. For example, 9m-?I1OI‘O-4-pl'6gt161‘l6-11?, 
l7a,2l-triol-3,20-dione may be triacetylated at the 11,l7~ 
positions to yield the corresponding tn'ester. 
For esteri?cation, lower alkanoic acids such as acetic, 

butyric, propionic, Valerie, are preferred. However, we 
exclude only the stronger acids such as formic, tri-?uoro 
acetic, etc., which form extremely labile esters, which tend 
to easily hydrolyze even the hindered 11,6-position. The 
esteri?cation is catalyzed by any acid stronger than those 
having a pKA of 2, such as dichloroacetic, tri?uoroacetic, 
sulfuric, phosphoric, methanesulfonic, p-toluenesulfonic, 
benzenesulfonic, hydrochloric and the like, but not those 
having oxidizing properties, such as nitric, chromic, 
periodic, and the like. 
The following examples are illustrative of procedures 

for the preparation of the compounds of this invention, 
but are not intended to indicate the scope thereof, such 
scope being de?ned in the appended claims. 

EXAMPLE 1 

A. Qa-FLUOROCORTISONE 17a,21-DIACETATE 3-ENOL~ 
ACETATE ' . 

9a-?uorocortisone ZI-acetate (2 g.) is suspended in 
125 m1. of acetic acid and 125 ml. of acetic anhydride to 
which is added 1.25 g. of p-toluenesulfonic acid. The 
mixture is shaken until clear, and allowed to stand at room 
temperature for 48 hours. The mixture is then diluted 
with water, and extracted with methylene chloride. The 
methylene chloride solution is washed with dilute sodium 
bicarbonate to remove the acid, and then washed to. neu 
trality with water, dried over anhydrous magnesium sul 
fate, ?ltered, and concentrated to a small volume in; an 
air stream. This concentrate is chromatographed on acti 
vated magnesium silicate and the fractions eluted with 
10% ether in hexane contain 9a-?uorocortisone 17¢,21 
diacetate 3-enolacetate. These fractions may be concen 
trated in an air stream, and the residues crystallized from 
acetone-hexane to yield 9m-?uorocortisone l7u,Z1-di 
acetate 3-enolacetate, Amax 235 mu (MeOH) with in?ec 
tions at 230 and 241 m. 

B. Qa-FLUOROCORTISONE 17a,21-DIACETATE 
The product from above Example 1A is dissolved in 

20 ml. of 90% acetic acid and re?uxed for 18 hours. The 
solution is then poured into water, neutralized with 
potassium bicarbonate, and extracted with methylene 
chloride. The organic layer is dried over anhydrous mag 
nesium sulfate, ?ltered, and evaporated to 'a residue of 
90a -?uorocortisone 17a,21-diacetate, Amax 239 mu 
(MeOH) with no in?ections. This product may be fur 
ther puri?ed by crystallization from acetone. 

A. Qa-FLUOROHYDROCORTISONE 11?,17a,21-TRIACE— 
TATE B-ENOLACETATE 

9ot-?uorohydrocortisone is reacted with ‘acetic acid and 
acetic anhydride in the presence of p-toluenesulfonic acid‘ 
in the manner described in Example 1A to yield 9a-fluoro 
hydrocortisone 11/8,17u,21-triacetate 3-enolacetate. 

B. Qa-FLUOROHYDROCORTISONE 11B,17a,21-TRI 
ACETATE 

The 3-enoltetraacetate of above Example 2A is reacted 
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as described in Example IE to yield the partially hydro 
lyzed product 9u-?uorohydrocortisone-l1§,17a,21-tri 
acetate, which is crystallized from acetone-hexane. 

EXAMPLE 3 

9a-chlorohydrocortisone 11?,1'7a,21--trincetate 
A. DwCHLOROHYDROCORTISONE 11/5,17a,21-TRIACE— 

TATE 3-ENOLACETA'I‘E 

9a-chlorohydrocortisone 21-acetate is dissolved in; 30 
parts of 1:1 acetic anhydride-acetic acid to which is added 
0.5 parts of p-toluenesulfonic acid. After standing four 
days at room temperature, the solution is washed with 
dilute sodium bicarbonate to remove acid, and then with 
water to neutrality. The solution is dried over anhydrous 
magnesium sulfate, ?ltered, and evaporated‘ to dryness in 
an air stream. The residue is 9a-chlorohydrocortisone 
11;3,17a,21-triacetate 3-enolacetate. 
B. Qa-CHLOROHYDROCORTISONE l1?,17a,2l-TRIACE 

TATE 

The 3-enoltetraacetate of above Example 3A is dis 
solved in ten parts of 1:1 acetic acid-methanol and re 
?uxed for eight hours. The solution is cooled and poured 
into water, then extracted with methylene chloride. The 
methylene chloride solution is washed with aqueous po 
tassium bicarbonate until basic and then with water 
until neutral. The organic layer is dried over anhydrous 
magnesium sulfate, ?ltered, and evaporated in an air 
stream to dryness. The residue is taken up in a mini 
mum amount of methylene chloride and chromato 
graphed on ‘a column of activated magnesium silicate, 
using hexane to develop the column. The fraction eluted 
with 30% ether in hexane is crystallized from acetone 
hexane to give 9a-chlorohydrocortisone 11B,17a,21-tri 
acetate. 

EXAMPLE 4 

A. Qa'FLUOROCORTISON'E 17a-PROPIONATE 2l-ACE~ 
TATE 3—ENOLPROPIONATE 

9ot-?uorocortisone ZI-acetate is dissolved in 30 parts 
of 5:1 propionic \acid-propionic anhydride to which is 
added 0.15 parts of p-toluenesulfonic acid. After stand 
ing at room temperature for two days, the solution is 
treated as described in above Example 3A to isolate 9a 
?uorocortisone 17a-propionate ZI-acetate 3-enolpropio~ 
nate. 
B. Qa-FLUOROCORTISONE 17a-PROPIONATE 21-ACETATE 

The S-enolpropionate prepared as in above Example 
4A is reacted in the manner of Example 3B. The frac 
tion eluted with 1:1 ether-hexane is crystallized from 
acetone-hexane to give 9a-?uorocortis0ne 17ot-propi0nate 
21-acetate. 

EXAMPLE 5 

A. 9a-FLUOROHYDROCORTISONE 1741,21-DIACETATE 
3~ENOLACETATE 

90c-?110r0l1yd1'OCOrtiS0ne 21-acetate is dissolved in 5:1 
acetic ‘acid-acetic anhydride and 0.15 part of p-toluene 
sulfonic acid is added. The solution is allowed to stand 
for two days at room temperature, then is treated in the 
manner of Example 3A to yield a residue of 9(X'?ll0l'0' 
hydrocortisone 17u,21—diacetate 3-enolacetate. 

B. Qa-FLUOROHYDROCORTISONE 17a,21-DIACETATE 
The 3-enolacetate of above Example 5A, is hydrolyzed 

and the resultant product puri?ed as described in Exam 
ple 3B. The fraction eluted with 60:40 ether-hexane is 
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4 
crystallized from acetone to give 9a-?uorohydrocortisone 
17u,21-diacetate. 

EXAMPLE 6 

Qe-?uorohydrocortisone 115,1 7 04,21 -tricapr0ate 
A. Qa-FLUOROHYDROCORTISONE 11B,17a,21-TRICAPRO 

ATE 3~ENOLCAPROATE 

9a-?uorohydrocortisone is dissolved in 25 volumes of 
1:1 caproic anhydride-caproic acid and 0.5 part of me 
thanesulfonic acid is added. After standing four days 
at room temperature, the solution is stirred in 5% hy 
drochloric acid for one-half hour, followed by extrac 
tion with methylene chloride, washing of the organic 
layer with dilute sodium bicarbonate and water, then 
concentration of the solution as described in Example 
3A. The residue is 9a-?uorobydrocortisone ll?,l7a,21 
tricaproate 3-enolcaproate. 

B. QwFLUOROHYDROCOREILTIS?JNE 11B,17a,21-TRICA_PRO 
The 3'-enoltetracaproate prepared as in above Exam 

ple 6A, is hydrolyzed selectively and the product puri 
?ed by chromatography as in Example 33. The fraction 
eluted with 20% ether in hexane is crystallized from‘ ace 
tone-hexane to give 9a-?uorohydrocortisone 11,8~17<2,2l 
tricaproate. 

EXAMPLE 7 

9a-br0m0c0rtis0ne 1 7a,21-diacetate 
A. Qa-BROMOCORTISONE 17a,21-DIACETATE S-ENOL 

ACETATE 

9a-bromocortisone Zl-acetate in 1:5 acetic auhydridc 
acetic acid and 0.15 parts of p-toluenesulfonic acid is 
reacted as in Example 3A to yield 9a-bromocortisone 
17u,21-diacetate 3-enolacetate. 

B. Qa-BROMOCORTISONE 17a,21-DIACETATE 
The 3-enolacetate of above Example 7A is hydrolyzed 

as in Example 3B, followed by chromatography. The 
residue of the fraction eluted with 1:1 ether-hexane is 
crystallized from methylene chloride-hexane to give 90: 
bromocortisone 17a,2l-diacetate. 
We claim: 
1. Compounds of the following general formula: 

m” 
3 

wherein R is a hydrocarbon lower alkanoic acid radical 
having from 2 to 6 carbon atoms. 

2. 9a-?uorohydrocortisone 11/3,17a,21-triacetate. 
3. 9a-?uorohydrocortisone 11?,17a,21-tricaproate. 
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